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El nervio facial del rat6n albino. 
La porcion motriz del nervio facial del rat6n de distribuye 
sobre la musculatura facial e hioidea. El nervio intermedio se 
compone de fibras aferentes y eferentes, y una parte de las 
liltimas forma una raiz separada. El ganglio geniculado contiene 
10s cuerpos celulares de las fibras aferentes, perteneciendo estas 
chlulas a1 tipo bipolar. El nervio petroso superficial mayor lleva 
fibras aferentes y eferentes a1 ganglio esfenopalatino, que no recibe 
fibra alguna del trigdmino ; sus fibras terminan en la glhdula de 
Stenson, glhndula lagrimal, glhdula del tabique y vasos san- 
guineos de la nariz y en el paladar. El autor no ha podido 
determinar exactamente la inervaci6n de las glhdulas palatinas 
y botones gustativos. La cuerda del timpano envia fibras a 10s 
ganglios de las glfindulas submaxilar y sublingual y termina en 
la lengua; lleva las fibras gustatorias de 10s dos tercios anteriores 
de dicho 6rgano y probablemente desempefia otras funciones. 
El autor ha116 cerca de mil chlulas ganglionares, de relaciones y 
funci6n desconocida, en el trayecto de 10s nervios de una de las 
mitades de la lengua. Las fibras cutdneas procedentes del 
ganglio geniculado terminan en la piel del meato auditivo ex- 
terno, piel de la oreja, y es posible tambidn que inerven parte 
de la membrana del timpano; estas fibras forman el ram0 
cut&neo-facial, rama independiente dd facial. Las fibras del 
ram0 auricular del vago forman una parte de este nervio y 
fibras del cutheo-facial se distribuyen por el ram0 auricular 
del vago. El nervio petrosomenor superficial falta en el rat6n. 
Translation by Dr. JoSe Nonidez, 
Columbia University. 
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INTRODUCTION 
Almost all anatomical researches on the nervus facialis of man 
and larger mammals have been done on material which has been 
removed from the interior of the temporal-bone, a procedure 
which results in the destruction of important relations and only 
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gives pieces of the nerve for study. To a certain extent, this 
difficulty probably accounts for some of the conflicting state- 
ments as to the distribution and function of the nerve in these 
forms. In lower vertebrates, in which it has usually been fol- 
lowed in its entire course in serial sections through the heads of 
small animals, the study of the .nervus facialis has given far 
more uniform results. 
After a futile attempt to obtain satisfactory material from man 
and certain of the larger mammals for an investigation of the 
mammalian facial nerve, it occurred to me that a better proced- 
ure would be to follow the method used so successfully on lower 
vertebrates and select for use a small mammal, the head of 
which could be cut in serial sections. Because of the abundance 
of the material and because the size of the head readily permitted 
of the preparation of serial sections, the albino mouse was chosen 
for this work. 
MATERIALS AND METHODS 
The material used consisted of a number of series of sections 
of whole and half heads of 14-, 21-, and 23-day-old albino mice, 
mice of this age being selected because of the small size of the 
head and because the bones could be easily decalcified. The 
series were prepared by the pyridine silver technique following 
decalcification as originally used by Huber and Guild ('13 a). 
The original method was varied in that the vessels were first 
washed out with normal salt solution, and the stained material 
was imbedded in both celloidin and paraffin. The double im- 
bedding was found necessary because of the small pieces of hair 
which were scattered over the sections when the blocks are im- 
bedded in paraffin alone. 
This modification of the pyridine silver method gives excel- 
lent results. The main trunks and branches of the nerves, 
nerve fibers in muscle and connective tissue, the ganglion cells 
on the roots of the cranial nerves and the cells and fibers in the 
central nervous system are well impregnated. The nerves in 
the glands and the cells in the sympathetic ganglia are the poorest 
stained of any parts of the cranial nervous system. In the sym- 
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pathetic ganglia there is an abundance of very fine fibers, which, 
together with the thickness of the sections, is responsible for ob- 
scuring the individual cells. 
The heads were cut from the body in the lower cervical region, 
and in most instances were cut in halves following the second 
treatment with ammoniated alcohol. These smaller pieces were 
much more easily handled and gave more satisfactory sections 
than the heads which were carried through whole. Sections 
were cut 15 p in thickness and mounted in series. Six sagittal 
series, six transverse series, and two horizontal' series of half 
heads, and one horizontal series of a whole head were used in 
this work. 
The method used in following the nervus facialis varied 
with the particular part under consideration. Perhaps the most 
useful consisted of making outline drawings of each section or of 
sections at  regular intervals and tracing the different parts of 
the nerve from drawing to drawing. Another valuable method 
was a graphic method recently devised by Prof. A. G. Pohlman 
and explained to me during a visit to his laboratory. This 
method was less time consuming than profile reconstructing and 
gave results easy of interpretation. By projecting sagittal sec- 
tions onto a median plane, flat reconstructions of parts of the 
nerve were made. In a few instances, to bring out important 
details, blotting-paper models were made. 
In order to determine as far as possible the distribution of 
certain branches of the facial nerve, it was necessary to  undertake 
and record a study of the nerve supply to parts of the head, 
namely, the sphenopalatine ganglion and the nerves connected 
with it, the nerve supply of the auricle, the nerve supply of the 
palate, the nerves to the submaxillary and sublingual glands, and 
the nerves in the tongue. 
I am greatly indebted to Prof. A. G. Pohlman for permission 
to use his graphic method in advance of its publication, to Prof. 
Burton D. Myers for library facilities extended to me on numer- 
ous occasions, and to both of them for helpful suggestions during 
the course of this work. 
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MOTOR PART OF THE NERVUS FACIALIS 
The nucleus of origin and the central course and relations of 
the motor part of the nervus facialis of the mouse are very simi- 
lar to those of other mammals and man. The nucleus is located 
in the ventral part of the pons close to its surface, and just me- 
dial and slightly ventral to the nucleus olivaris superior. This 
superficial position is due to the absence of transversely directed 
pontine fibers other than those of the trapezoid body. 
The nucleus .is composed of large multipolar cells closely re- 
sembling in size and shape those in the oculomotor and hypo- 
glossal nuclei. Coarse fibers arise from the cells of the nucleus 
and pask dorsally with a slight inclination medially, scattered 
over a considerable area of the formatio reticularis. In relation 
to the dorsal surface of the nucleus abducens the fibers unite into 
a compact bundle. This bundle passes anteriorly for a short 
distance and bends at  an angle forming the genu internum. 
The emerging part of the nerve passes ventrally, laterally, and 
slightly anteriorly until near the ventral ,surface of the pons. 
Here it makes a bend and emerges from the pons by passing 
almost horizontaly laterally through the fibers from the cochlear 
nuclei and between the nucleus and radix spinalis nervi tri- 
gemini on its dorsal side, and the anterior extremity of the nu- 
cleus olivaris superior on its ventral side. 
After emerging from the pons the facial nerve passes laterally, 
dorsal to the cochlea and the tensor tympani muscle, to the dor- 
sal wall of the tympanic cavity where it bends posteriorly in the 
gem externum. At the surface of the pons the nerve is in rela- 
tion to the emerging trigeminal nerve anteriorly, the vestibular 
nerve and ganglion dorsally, and the cochlear nerve posteriorly 
(fig. 1). The relation to  the vestibular ganglion at this place is 
accounted for by the fact that it is located against the surface 
of the pons, anterior and inferior to the ventral cochlear nucleus, 
and overlapping a part of it. 
Dorsal to the facial nerve between the pons and the genu ex- 
ternum, are the vestibular nerve and ganglion, the nervus inter- 
medius, and the ramus ampullae superior and ramus ampullae 
NERVUS FACIALIS O F  ALBINO MOUSE 85 
lateralis of the vestibular nerve. Anterior to it close to the pons, 
is the trigeminal nerve. More laterally a thin shell of bone and 
the geniculate ganglion separate it from the cranial cavity (figs. 
2, 3, and 9). Posteriorly the facial nerve is overlapped by the 
vestibular ganglion and is related, farther laterally, to the ampul- 
lae of the semicircular canals. 
The genu externum lies between the ampullae of the semicir- 
cular canals and the stapedial artery. The bend is a little more 
than a right angle. In the dorsal wall of the tympanic cavity the 
facial nerve lies dorsal to the stapedial artery and the stapes, 
and lateral to the stapedius muscle. Behind the tympanic cav- 
ity it bends ventrally and anteriorly with an inclination later- 
aily, so that as the nerve passes anteriorly it lies ventral to the 
external auditory meatus. 
From this position the facial nerve passes forward just lateral 
to the attachment of the cartilage of the auricle to the bone and 
beneath the parotid gland, Anterior to the meatus it gives off 
its cervical branches and divides into four parts. 
The branches and distribution of the motor part of the facial 
nerve can be briefly summarized as follows (fig. 14 A) : 
1. Cervical branches. Four or five small branches arising 
from the trunk of the nerve and passing ventrally and poste- 
riorly, some between the lobules of the parotid gland, some be- 
neath it, to supply the superficial muscle (panniculus carnosus, 
musculus cutapeus) of the neck and the region superficial to the 
parotid gland. 
2. Temporopalpebral branches. Branches arising immediately 
anterior to the preceding and passing anteriorly and dorsally be- 
neath the parotid gland. These are accompanied by the auric- 
ulotemporal nerve and are distributed to the muscles anterior 
to the auricle. One small palpebral branch continues farther 
anteriorly and ends in the niuscles of the upper eyelid. 
3. Buccal branches. Two large branches which compose the 
greater part of the nerve, the upper being accompanied by a few 
fibers from the auriculotemporal nerve. These pass in a hori- 
zontal direction across the cheek, beneath the parotid gland at 
first, then beneath the cutaneous muscle. Their fibers supply 
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the muscles around the angle of the mouth, and those of the 
lower eyelid, nose, and upper lip, including the muscles of the 
vibrissae. 
A small branch which passes ven- 
tral t o  the angle of the mouth to supply the muscles of the lower 
lip. 
The anatomical and clinical evidence for the motor function of 
these fibers is so conclusive that they were not followed as closely 
as were the other branches of the facial nerve. The cervical, 
4. Inferior labial branch. 
ABBREVIATIONS 
Aur-PdBrs., a u r i  c u l  o p  a1 p e b r  a1 
Buc.Brs., buccal branches of thenervus 
C.C., cranial cavity 
Cer.Brs., cervical branches o f  the  ner- 
G.Gen., ganglion geniculi 
G.Gen.d., dorsal par t  of the ganglion 
G.Ot. ,  ganglion oticum 
G.Sem., ganglion semilunare 
G.Sp., ganglion sphenopalatinum 
G. Vest., ganglion vestibulare 
H.Can.Fac., hiatus canalis facialis 
Inf.Lab.Brs., inferior labial branches 
M ., mouth cavity 
M .  Ten. Tym., musculus tensoris tym- 
M.St., musculus stapedius 
N., nasal cavity 
N.Abd., nervus abducens 
N.Can.Pt., nervus canalis pterygoidei 
N.Ch.Ty., nervus chorda tympani 
N.Coch. ,  nervus cochlearis 
N .  to Dia., nerve to  musculus digastri- 
N.Fac., nervus facialis 
N.Int.e., efferent part of the nervus in- 
N.lnt.Z., lateral par t  of the nervus in- 









N.Int.m., medial part of the nervus in- 
N.Ling., nervus lingualis 
N.Man., nervus mandibularis 
N.Max., nervus maxillaris 
N.Np., nervus nasopalatinus 
N.Oc.,  nervus oculomotorius 
N.Oph., nervus ophthalmicus 
N.Pal.A., nervus palatinus anterior 
N.Pal.M., nervus palatinus medius 
N.PaZ.P., nervus palatinus posterior 
N.Sp., nervi sphenopalatini 
N.Stap., nervus stapedius 
N .  to  St-HII., nerve to  musculus stylo- 
N .  P. P.,  nervus petrosus profundus 
N.P.S.M., nervus petrosus superficialis 
N.Tr., nervue trochlearis 
N .  Tri., nervus trigeminus 
N .  to tym.?nernb., nerve to  tympanic 
membrane and external auditory 
meatus 
Orb.Brs., orbital branches of the gan- 
glion sphenopalatinum 
P.Inf.Na., posterior inferior nasal 
nerve 
R.Aur.N.B., ramus auricularis vagi 
R.Aur.P., nervus auricularis posterior 
R.Cut.N.F., ramus cutaneus facialis 
Sym., sympathetic plexus along the 




internal carotid artery 
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auricular, and palpebral branches were followed to their termina- 
tion in the muscles. These pass beneath the cutaneous muscle, 
while the sensory nerves for the supply of the skin of the same 
regions are superficial to the muscle, an arrangement which 
makes it possible for the motor nerves to be easily followed. 
Fig. 1 Sagittal section through the nervus facialis and the nervus interme- 
Figures 1, 2,3, andgarefrom the same series. dius close t o  thesurface of thepons. 
X 166. 
In the upper lip and in the eyelids the branches of the facial 
nerve are intermingled with those of the trigeminal nerve. This 
is particularly true around the roots of the vibrissae in the upper 
lip where the trigeminal fibers are exceedingly numerous (Vin- 
cent, '13). Some of the bundles of facial fibers were followed 
through this plexiform mass in each of these regions and were 
found to terminate in muscular tissue. 
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SENSORY PART OF T H E  NERVUS FACIALIS 
1. Ganglion geniculi 
The geniculate ganglion in the mouse is divided into two por- 
tions continuous with each other anterior to the facial nerve. 
The larger, the main part of the ganglion (fig. 3, G.Gen.) is 
located half way between the superficial origin of the facial 
nerve and the genu externum. It is elongated triangular in 
shape, the long axis extending anteriorly and ventrally. The 
anterodorsal surface is separated from the cerebrum by the 
cranial wall, the tip of the ganglion extending through the hiatus 
canalis facialis as far as the posterior extremity of the semilunar 
ganglion. The postero-ventral surface is separated by the bone 
from the cochlea posteriorly and the tensor tympani muscle 
anteriorly. The posterodorsal border of the ganglion is in rela- 
tion to the anterior border of the motor part of the facial nerve. 
The fibers of the nervus intermedius leave the ganglion at its 
medial angle, those fibers of the nervus intermedius which pass 
peripherally in the facial nerve emerge at the lateral angle, and 
from its anterior angle the great superficial petrosal nerve takes 
origin. 
The abbve description corresponds closely to that of Penzo 
('93) and Weigner ('05) except that the ganglion is not located 
at  the genu, but medial to it. 
The dorsal and smaller part of the geriiculate ganglion (figs. 
2 and 3, G.Gen.d.) is placed dorsal and medial to the main por- 
tion. It is located in a triangular interval between the motor 
part of the facial nerve ventrally, the vestibular ganglion dorsally 
and the cranial wall anteriorly. It is separated by a thin layer 
of connective tissue from the vestibular ganglion and is inti- 
mately related to the nervus intermedius. It is possible that 
this part of the ganglion in the mouse represents the numerous 
scattered ganglion cells along the nervus interinedius described 
by Weigner ('05) in the ground-squirrel. 
The cells of the geniculate ganglion are approximately half 
the size of those of the semilunar and dorsal root ganglia. They 
are mostly of uniform size with only a few larger and smaller 
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cells scattered among the others. They are of the unipolar type 
in which the single process is convoluted and twisted around the 
cell body (Ranson, '12, type 1). No collaterals ending in end- 
bulbs were seen, although this type is particularly numerous in 
sections of the human geniculate ganglion in my possession. It 
was at first thought that the absence of these might be due to 
the fact that they had not developed. Huber and Guild ('13 b) 
found them in the spinal ganglia of three-day-old rats and they 
are present in the semilunar and spinal ganglia of my mice. It 
is probable, therefore, that they are few in number or absent in 
the geniculate ganglion of the mouse. 
That the geniculate ganglion belongs to the cerebrospinal 
type of ganglia and is composed of unipolar cells was first estab- 
lished by Retzius ('80) and has since been confirmed by von 
Lenhoss6k ('94) and Weigner ('05). 
2. Nervus intermedius 
Between the geniculate ganglion and the brain the nervus in- 
termedius is composed of two parts, the larger contains those 
fibers which come from the interior of the geniculate ganglion, 
the smaller being a separate efferent root of the nerve (fig. 1). 
The fibers from the ganglion leave it in two distinct bundles. 
The more laterally placed and smaller bundle (figs. 1, 2, and 3, 
N.1nt.Z.) leaves the upper border of the main part of the ganglion 
and passes dorsally and medially anterior to the dorsal part of 
the ganglion. At the dorsal limit of this part of the ganglion 
this bundle makes an abrupt bend posteriorly and extends 
through the vestibular ganglion (fig. 2). Leaving this ganglion 
it passes on to the dorsal surface of the motor part of the facial 
nerve and is joined by the other bundle (fig. 1). 
There is apparently some mixing of fibers during the passage 
of this bundle through the vestibular ganglion. Whether there 
is an actual interchange of fibers in the form of anastomoses could 
not be determined. It is certain, however, that there are no 
large contributions from one to the other, for the difference in 
the size of the fibers would make possible the detection of such. 
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The medial and larger bundle of fibers from the geniculate 
ganglion takes a more direct course into the pons (figs. 1, 2, and 
3, N.1nt.m.). Arising from the medial angle of the ganglion it 
passes obliquely posteriorly and medially across the dorsal sur- 
face of the motor part of the facial nerve. At the surface of the 
pons it is joined by the lateral bundle, the two having a common 
central course. 
The vestibular ganglion lies dorsal to and in intimate contact 
with this bundle. In some sections bipolar ganglion cells were 
Fig. 2 Sagittal section through the nervus facialis, the nervus intermedius, 
and the dorsal par t  of the ganglion geniculi. 75 p lateral to  figure 1. x 166. 
found along it. Other than these there are no evidences of 
anastomoses between the nervus intermedius and the vestibular 
nerve. 
The nervus intermedius, in cross sections through the place of 
union of its two bundles, is circular in outline. It is located in a 
triangular interval bounded ventrally by the emerging motor 
fibers, dorsally by the nervus and ganglion vestibulare, and me- 
ially by the surface of the pons. From this position it can be 
followed into the interior of the pons. Here it passes dorsally, 
posteriorly and medially through the fibers from the cochlear 
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nuclei and the spinal root of the trigeminal nerve into the nu- 
cleus of the latter. In this the fibers become scattered, and be- 
cause of the intricate complex of fibers running in all directions 
at this point, they cannot be followed farther. 
The efferent root of the nervus intermedius is most conspicuous 
in sagittal sections where it, too, has an oblique course across 
the surface of the motor part of the facial nerve (figs. 1 and 2 
Fig. 3 Sagittal section through the nervus facialis and the ganglion geniculi. 
60 p lateral t o  figure 2. X 166. 
N.1nt.e.). Followed centrally from this position, it passes pos- 
teriorly and medially for a short distance across the surface of 
the pons. At the ventral edge of the spinal root of the trigemi- 
nal nerve it enters the pons and passes dorsally and medially, 
parallel with, but more lateral and posterior to the emerging 
motor part of the facial nerve. At the level of the ascending 
part of the facial nerve the compact bundle becomes broken up 
and the fibers scattered, so that they cannot be followed farther. 
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Peripherally, the efferent root of the nervus intermedius 
passes around the anterior border of the motor part of the facial 
nerve, under the rest of the nervus intermedius, through the 
medial border of the geniculate ganglion and into the great super- 
ficial petrosal nerve. It is certain that only a few, if any, of its 
fibers are connected with the cells of the geniculate ganglion. 
This part of the nervus intermedius is present in all my series 
and undoubtedly contributes efferent fibers to the great super- 
ficial petrosal nerve. 
In the material used in this work it was impossible to  tell what 
proportion of the fibers of the nervus intermedius were medul- 
lated and what non-medullated. All of the axis-cylinders are 
small in diameter and the medullated sheaths must be very 
thin. Weigner ('05) has given an excellent description of the 
fibers of the nervus intermedius of the ground-squirrel. In 
teased preparations stained with osmic acid he found that most 
of them are very fine with very delicate myelin sheaths ( 2  p 
in diameter), that a few are larger (5 p),  and that the nerve con- 
tains nonmedullated fibers. The fibers of the nervus inter- 
medius of the mouse are probably similar in size and character. 
Weigner describes numerous anastomoses between the nervus 
intermedius, the vestibular nerve, and the facial nerve, which 
are characterized by the presence of ganglion cells, scattered 
and in groups, along the anastomosing bundles. These ganglion 
cells, he states, are similar to those of the geniculate ganglion 
and furnish additional centers of origin for nervus intermedius 
fibers. In the mouse, no ganglion cells are present central to the 
dorsal part of the ganglion and no true anastomoses were observed. 
That the afferent fibers of the nervus intermedius terminate in 
the anterior extremity of the nucleus of the fasciculus solitarius 
or a group of cells lying anterior to it seems well established. 
All of the available papers dealing with this point in lower ver- 
tebrates state this to be true. Van Gehuchten ('00) found this 
to be the termination of these fibers in rabbits. The efferent 
fibers to the submaxillary and sublingual glands arise from a 
nucleus in the formatio reticularis a t  the level of the motor 
facial nucleus. This nucleus was called the nucleus salivatorius 
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by Kohnstam ('02) and has been described by .Yagita and Ha- 
yama ('09). Herrick ('16) calls it the nucleus salivatorius superior. 
The efferent fibers of the great superficial petrosal nerve arise 
from other cells in the same region (Yagita, '14). 
In the mouse, three distinct bundles of nerve fibers continue 
the nervus intermedius peripheral to the ganglion. From the 
anterior angle of the ganglion the great superficial petrosal nerve 
emerges, while from its lateral angle two bundles of fibers pass 
peripherally in a common sheath with the motor fibers of the 
facial nerve. Before the genu is reached these bundles lie along 
the antero-ventral side of the facial nerve, the smaller of the two 
lying ventral to the larger (figs. 9 and 10, N.Ch.Ty., R.Cut.N.F.). 
In sagittal series medial to the genu these bundles are always 
more or less separated by delicate connective tissue septa from 
each other and from the motor fibers of the facial nerve. Beyond 
the genu they lie along the lateral side of the nerve (fig. 10). In 
this position the septum is not as distinct as it is nearer the gan- 
glion. They are well separated in some series, while in others an 
indentation along their medial side is all that indicates a division 
into two parts. The ventral and smaller of these two bundles 
becomes the chorda tympani, the dorsal and larger contains 
fibers which are distributed to the skin of the auricle and form a 
nerve which I have called the ramus cutaneus facialis. 
With the exception of the efferent fibers of the great super- 
ficial petrosal nerve, it was impossible in this material to tell 
the exact relation of the fibers of the nervus intermedius to the 
cells of the geniculate ganglion. That some of the fibers are 
connected with the cells of the ganglion and others pass through 
without interruption seems well established. 
Cutting the chorda tympani in the middle ear results in a 
degeneration of about four-fifths of the cells of the geniculate 
ganglion (Amabilino, '98 ; DeGaetani, '06). Nissl degeneration 
of nerve cells in the brain stem after cutting the fibers to the 
submaxillary and sublingual glands is proof that the chorda 
tympani contains fibers which do not have their fibers in the 
ganglion (Kohnstam, '02; Yagita and Hayama, '09). 
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There is also considerable evidence for the presence of both 
afferent and efferent fibers in the great superficial petrosal nerve. 
By staining the geniculate ganglion of the mouse by the Golgi 
method von Lenhossek ('94) found fibers which pass directly 
from the newus intermedius into the great superficial petrosal 
nerve. From this he erroneously concluded that the great 
superficial petrosal is a motor nerve for the supply of the levator 
veli palatini and levator uvulae muscles. After cutting the 
great superficial petrosal nerve in dogs, Yagita ('14) found that 
about one-twelfth of the cells of the geniculate ganglion show 
typical Nissl degeneration, and that there were degenerated 
cells in the formatio reticularis of the same side of the pons 
extending from the middle to the upper third of the facial nucleus. 
Weigner ('05) mentions a bundle which passes directly from 
the facial nerve to the great superficial petrosal through the 
human geniculate ganglion. In the ground-squirrel he describes 
a bundle between the nervus intermedius and the great super- 
ficial petrosal nerve which has no connection with theganglion 
cells. He could not determine, he states, whether the fibers of 
this bundle are processes of the scattered cells in the nervus inter- 
medius or of those in the great superficial petrosal nerve. 
It is safe to conclude, therefore, that both the chorda tympani 
and the great superficial petrosal nerve contain afferent fibers 
whose cell bodies are located in the geniculate ganglion, and effer- 
ent fibers which pass through the ganglion without connection 
with its cells. 
BRANCHES OF THE NERVUS FACIALIS 
1. Nervus petrosus superficialis major 
It has been shown above that the nervus petrosus superficialis 
major arises within the cranial cavity from the anterior pointed 
extremity of the ganglion geniculi, and that it is composed of 
fibers whose cell bodies are located in the ganglion, and others 
which form a separate efferent root of the nervus intermedius. 
From its origin this nerve passes anteriorly for a short distance 
along the lateral side of the ventral surface of the ganglion semi- 
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lunare. After a short course it bends at almost a right angle and 
passes medially, ventral to the nervus trigeminus, and ventral t o  
the internal carotid artery and the sympathetic plexus which 
surrounds it. At a point just medial to the artery the nerve 
bends anteriorly and is joined along its medial side by the nervus 
petrosus profundus, the two uniting to form the nervus canalis 
p t>erygoidei. 
The nervus petrosus profun- 
dus, in the mouse, is formed by two small bundles of fibers from 
the internal carotid plexus. It does not have a separate course 
for the fibers join the great superficial petrosal nerve immediately 
after leaving the plexus and while still in relation to the artery. 
The fibers composing this nerve can readily be followed to the 
interior of the superior cervical sympathetic ganglion. Along 
the nerve of the pterygoid canal they occupy, at  first, a position 
on its medial side Farther anteriorly, however, they become 
intermingled to such an extent with those from the great super- 
ficial petrosal nerve that the fibers from the two sources cannot 
be separately identified. 
In  mice, the internal carotid 
artery enters the cranium and the nerve of the pterygoid canal 
leaves it through a slit-like fissure between the tympanic and 
periotic bones (eustachian aperture). From this fissure the nerve 
passes anteriorly and slightly medially along the ventral surface 
of the body of the sphenoid bone. One of the pharyngeal muscles 
(probably the salpingo-pharyngeus) , the pharyngeal opening of 
the auditory tube and a mass of glands lie ventral to it. At the 
anterior border of t'he opening of the auditory tube the muscle 
and glands disappear and the nerve lies between the bone and 
the mucous membrane of the nasal cavity. L4t this place the 
pterygoid process extends ventrally to the soft palate, the nerve 
lying medial to it where it fuses with the body of the bone above. 
In this position the nerve extends anteriorly for some distance 
finally passing laterally through a foramen into the most posterior 
part of the orbit. 
The nerve of the pterygoid canal is, at  first, flattened dorso- 
ventrally becoming circular in outline more anteriorly with the 
A .  Nervus petrosus profundus. 
B. Nervus canalis pterygoidei. 
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fibers more loosely arranged. All of its fibers are very fine. 
There are no ganglion cells either along the great superficial or 
the deep petrosal nerves and only a few along the nerve of the 
pterygoid canal. With the exception of one elongated inicroscopic 
ganglion about the middle of its course, these are single and 
widely separated. 
In one series a few fibers were given off from the nerve of the 
pterygoid canal to the mass of glands lying dorsal to the audi- 
tory tube. Similar fibers could not be found in any other series, 
nor were there other branches from this nerve. 
In  addition to the sympathetic fibers to the sphenopalatine 
ganglion by way of the nervus petrosus profundus and the nervus 
canalis pterygoidei, others from the internal carotid plexus 
reach the ganglion by way of the nervus abducens. These fibers 
join the nervus abducens as two bundles slightly ante& to 
the point of union of the two petrosal nerves. They leave the 
nervus abducens as four small bundles, two of which join the 
ophthalmic nerve and the other two the sphenopalatine ganglion 
just posterior to its middle (figs. 4 and 7, bundles b and c). 
Koch ('16) mentions the presence of sympathetic nonmedul- 
lated fibers from the cavernous plexus in the nervus abducens of 
the dog. These leave the nerve more anteriorly to  pursue an in- 
dependent course. Piersol ('13) states that branches of the 
sphenopalatine ganglion have been described joining the nervus 
abducens. 
It will be shown later that 
none of the fibers of the sphenopalatine nerves end in the spheno- 
palatine ganglion. This ganglion belongs, therefore, more to 
the facial than to the trigeminal nerve. Most of the fibers from 
it, however, are distributed as constituents of the palatine 
nerves. For this reason, it has been found necessary to study 
the ganglion itself and the nerves connected with it in any way. 
The sphenopalatine ganglion in the mouse is an elongated 
mass of ganglion cells lying between the medial side of the max- 
illary nerve and the medial wall of the orbit. It begins as a 
small accumulation of cells along the ventral border of the nerve 
of the pterygoid canal immediately after that nerve enters the 
C. Ganglion sphenopalatinum. 
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orbit. Anteriorly, the ganglion gradually increases in size, the 
cells completely surrounding the nerve. This continues until 
the anterior limit is reached where it ends in a blunt extremity. 
The posterior 
in cross-section, 
half of the ganglion is flattened laterally and is, 
an elongated oval with the long axis extending 
Fig. 4 Transverse section through the most posterior part of the orbit show- 
ing the nervus oculomotorius, nervus trochlearis, nervus ophthalmieus, nervus 
maxillaris, nervus abducens, the posterior part of the ganglion sphenopalatinum 
and the origin of the nervus palatinus posterior. By referring to  figures 7 and 
8 the connections of the nerve bundles marked with small letters and arabic 
numerals will be seen. Figures 4, 5 ,  and 6 are from the same series. X 90. 
vertically (fig. 5). Near its middle the ganglion changes its 
shape and becomes flattened dorsoventrally (fig. 6). At this 
point a ventral bend in the ganglion together with its change in 
shape imperfectly separates it into a posterior and an anterior 
part. 
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Medially the sphenopalatine ganglion is separated by the 
bone from the nasal cavity. Laterally it is related to the max- 
illary nerve throughout its entire extent, the sphenopalatine 
nerves extending ventrally along its lateral side a t  about its 
middle. 
The sphenopalatine ganglion of mammals is described as receiv- 
ing the sphenopalatine nerves from the maxillary nerveand as 
giving off branches which are distributed to the mucous mem- 
brane of the nose, mouth and pharynx, and branches to the orbit. 
All of the nerves which are usually mentioned in connection with 
the ganglion, with the exception of the pharyngeal branch, are 
represented in the mouse by similar nerves. 
a. Nervi palatinus posterior et medius. Tlrie posterior and 
middle palatine nerves arise from the lateral side of the max'illary 
nerve widely separated and distinct from both the sphenopalatine 
ganglion and the sphenopalatine nerves. They will be described, 
therefore, before the sphenopalatine nerves. 
The posterior palatine nerve is represented by one or two small 
nerves coming from the lateral side of the maxillary nerve at  the 
level of the middle of the posterior part of the sphenopalatine 
ganglion (fig. 4, N.PaZ.P.). It is seQarated by the maxillary 
nerve from the sphenopalatine ganglion, and arises from a part 
of the maxillary nerve which gives off branches for the supply of 
the teeth and gums of the upper jaw. 
The posterior palatine nerve receives two small bundles of fine 
fibers from the ventral border of the sphenopalatine ganglion 
(fig. 4, d,e). These pass laterally, ventral to the maxillary nerve, 
and join the posterior palatine immediately before it enters the 
canal in the bone through which it passes to the palate. They 
are so small that in some series it is difficult to follow them even 
by using the high power of the microscope. Unsuccessful at- 
tempts were made to count the fibers they contain. I believe it 
safe to  conclude, however, that they do not exceed thirty-five or 
forty in number. 
The middle palatine nerve is represented by a single smaller 
branch which takes origin from the ventral side of the maxillary 
nerve. This nerve passes inferiorly where it, too, enters a canal 
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in the bone and extends to the mucous membrane of the palate. 
In some series it was possible to follow a minute bundle from the 
sphenopalatine ganglion into it; in other series this could not be 
done. When present this bundle is even smaller than the ones 
joining the posterior palatine. 
The termination of these nerves will be discussed later. 
Fig. 5 Transverse section through the nervus maxillaris, the  ganglion spheno- 
palatinurn, and the nervi sphenopalatini. 810 p anterior t o  figure 4. X 90. 
b. Nervi sphenopalatini. The sphenopalatine nerves take 
origin from the ventromedial part of the maxillary nerve at  
about the middle of the sphenopalatine ganglion (fig. 5, bundles 
a,'b, c, d, e ,  g, i, and part off.). The bundles of fibers present 
in these nerves vary in different series. In the one represented 
in the graph, figure 7, and from which figures 4, 5,  and 6 were 
drawn, there were six distinct bundles at  their point of origin. 
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Almost immediately their arrangement becomes so complicated 
that it cannot be easily described. This arrangement is, how- 
ever, accurately represented in the graph (fig. 7 ,  N.Sp.). A 
greater part of five of the six bundles assist in forming the an- 
terior palatine nerve and its posterior inferior nasal branch, and 
the greater part of the other bundle assists in forming the naso- 
palatine nerve. 
From these six bundles there are only two small subdivisions 
that enter the sphenopalatine ganglion, joining it well toward its 
anterior end and close to  the point of origin from the ganglion 
of the fibers which enter the nasopalatine nerve. In transverse 
series these bundles can be followed through the ganglion into 
the nasopalatine nerve, which is probably their fate in the other 
series. 
The anterior palatine nerve is 
the largest of the nerves in this region. The bundles from the 
maxillary nerve which form it pass medially and anteriorly across 
the ventral border of the sphenopalatine ganglion. While in 
this position they are joined by four bundles whose fibers come 
from the interior of the sphenopalatine ganglion. The fibers 
from the ganglion are smaller than those from the maxillary 
nerve and represent about one-third of the fibers of the anterior 
palatine nerve. 
From the ventral border of the sphenopalatine ganglion the 
anterior palatine nerve passes ventrally through a canal to reach 
the mucous membrane of the palate. In this canal one bundle 
separates from the nerve, and as soon as the mucosa is reached, 
takes a posterior direction. The remainder of the nerve passes 
anteriorly just lateral to the middle of the hard palate. 
The posterior inferior nasal branch of the anterior palatine 
nerve is made up of two small bundles of fibers from the spheno- 
palatine nerves (fig. 6, a, b)  and four smaller bundles of fine fiber 
from the sphenopalatine ganglion (fig. 7). This nerve extends 
anteriorly along the lateral wall of the nasal cavity, the smaller 
fibers soon leaving it t o  enter a mass of glands in the lateral wall 
of the nose (gland of Stenson). The fibers of larger size end 
in the mucous membrane of the lateral wall of the nasal cavity. 
c. Nervus palatinus anterior. 
NERVUS FACIALIS O F  ALBINO MOUSE 101 
d. Nervus nasopalatinus. One bundle of the sphenopalatine 
nerves passes obliquely forward and medially across the inferior 
surface of the anterior part af the spher opalatine ganglion, 
finally reaching the medial border of the anterior e:d of the gan- 
glion (fig. 5,  bundle a ) .  In this position it receives a large contri- 
bution of fim fibers from the garglion a rd  becomes the rasopala- 
Fig. 6 Transverse section through the nervus maxillaris and the anterior 
extremity of the ganglion sphenopalatinum showing the origin of the nervus naso- 
palatinus and two of the orbital branches of the ganglion. 600 p anterior to  
figure 5.  X 90. 
tine lierve (fig. 6). The fibers from the qanglion form a little 
more than half of this nerve. 
From its origin the nasopalatine nerve extecds medially along 
the posterior wall of the inferior meatus of the nose to reach the 
posterior and ventral part of the septum. From this point its 
course is anterior along the ventral part of the septum. Through- 
102 D. A. RHINEHART 
out its extent branches are given off, some of coarse fibers to the 
mucous membrane, and others composed of finer fibers from the 
sphenopalatine ganglion which pass into the glands of the sep- 
tum. The septa1 glands are numerous in the region posterior to 
the vomeronasal organ. Finally, reduced in size and composed 
only of fibers of larger size, the nasopalatine nerve passes through 
the incisive foramen to reach the roof of the mouth. 
In addition to the fibers from the spheno- 
paIatine ganglion described above, there are several other small 
nerves either arising or ending within it. One small nerve ex- 
tends from the ganglion posteriorly along the medial side of the 
semilunar ganglion (fig. 7). Several other small bundles extend 
from the sphenopalatine ganglion dorsally and laterally to  join 
the ophthalmic nerve. (These are not shown in the graph, fig. 
7 . )  The origin, the direction or the endings of these nerves 
could not be determined. 
Several small nerves take origin from the anterior part of the 
sphenopalatine ganglion and pass dorsally along the medial wall 
*of the orbit. Some of these join the nasociliary nerve, and 
through it finally terminate among the gland ducts of the an- 
terior and inferior part of the lateral wall of the nasal cavity. 
Others accompany a blood-vessel into the media1,part of the 
lacrimal gland, while one other joins a small branch of the maxil- 
lary nerve which terminates in the nasolacrimal duct. 
Other branches from the anterior end of the ganglion join the 
arteries in the neighborhood and accompany them in their 
peripheral courses. 
f.  The nerve supply of the palate. The nerve supply of the 
palate was investigated to determine, if possible, the relationship 
between the nerves of the taste-buds, the nerves to the palatal 
glands, and the facial nerve. Although no positive conclusions 
were reached, certain features are of interest and will be recorded 
here. 
From the ventral end of its bony canal the anterior palatine 
nerve extends anteriorly, in company with a medium-sized ar- 
tery, as far forward as the nasopalatine canal. Throughout its 
entire extent it sends branches medially and laterally to supply 
e. Other branches. 
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one-half of the palate. Anterior to the nasopalatine canal the 
mucous membrane of the medial part of the palate is supplied by 
the terminal branches of the nasopalatine nerve, that of the 
lateral part by a branch of the maxillary nerve. 
Branches from these nerves are abundant under the transverse 
ridges of the palate and particularly so around the nasopalatine 
canal. In  the turiica propria the nerve fibers form rather wide 
meshed plexuses from which individual fibers can be followed 
into the epithelium. No encapsulated nerve endings were 
found. In this areaof the palate there are no taste-buds or 
glands. From the anterior palatine nerve many fine fibers can 
be followed along the walls of the blood-yessels, presumably t o  
end in their muscle fibers, although this termination could not be 
positively identified. 
The graph (fig. 8) shows the distribution of the middle and 
posterior palatine nerves and the posteriorly directed branch of 
the anterior palatine nerve to the posterior part of the hard pal- 
ate and the soft palate. The transverse line X shows the place 
of union of the hard and soft palate. The graph includes one- 
half of the palate, the right margin representing the median line 
and the left margin the lateral edge. In this connection it 
must be remembered that the anterior part of the palate shown 
in the upper part of the graph is wider than the posterior part, 
t8hus accounting for the apparent preponderance of nerves in the 
upper part of the graph. The small circles show the approximate 
locations of the taste-buds, and the broken line represents the 
limits of the palatal glands. 
In the series represented in the graph, there were twenty-five 
taste-buds, twelve in the posterior part of the hard palate, and 
thirteen in the soft palate. In other series the number is ap- 
proximately the same and the arrangement is similar. They 
are most numerous along the posterior part of the hard palate 
and gradually decrease in number posteriorly. 
The nerves of this region can be followed from their emergence 
from the bony foramina to  their termination. Those supplying 
the epithelium can be traced to the basement membrane and 
some of the fibers were seen to  pass among the epithelial cells. 
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Fig. 7 A graph, made according to  the method devised by Prof. A. G. Pohl- 
man, showing the connections of the nervus petrosus superficialis major and the 
ganglion sphenopalatinum. A graph of this sort is made by selecting that  par t  
of a series which is to  be used, and marking out on one edge of a piece of milli- 
meter plotting paper a set of stair steps for each row of sections on the slides, 
representing each section by a single step. Nerves or other structures are repre- 
sented in the graph by broken or solid lines, dots, etc., and as these structures con- 
tinue through the  series the lines or dots are continued on the paper, passing 
through a millimeter for each section. By continuing this and representing 
changes in position, branchings, anastomoses, etc., by changes in the lines, al- 
most any structure which passes for some distance through a series can be graph- 
ically shown. 
The graph shown as figure 7 represents certain nerves and ganglia and their 
connections in slides 16 t o  24 of a trapsverse series of one h$f of a mouse head. 
The numbers on the left of the graph are the numbers of the slides and the rows 
on each slide. As an 
illustration, the ganglion geniculi is present in section 1, row 1, slide 16, and is 
shown a t  the lower right par t  of the graph. The ganglion ends and the nervus 
petrosus superficialis major begins in the last section in that  row. This nerve 
continues through the second into the third row where it bends medially, this 
being shown by a bend in the line representing the nerve. I n  section 8, row 1, 
slide 17, and in section 2 of the second row the nervus petrosus profundus joins the 
nervus petrosus superficialis major t o  form the nervus canalis pterygoidei. The 
nervus canalis pterygbidei continues through the series until row 3, slide 21, is 
reached where the ganglion sphenopalatinum begins, the ganglion being repre- 
sented by an unshaded area continuing the course of the nerve. 
Bundles of sympathetic fibers and branches of the ganglion sphenopalatinum 
are represented by broken lines, cranial nerves and their branches by solid lines, 
and ganglia by unshaded areas along or within the nerves. Figures 4, 5, and 6 
weire drawn from sections of t h d  same series used ih making the graph, the loca- 
tion of these sections is indicated by the broken transverse lines. The small 
letters along the lines indicate bundles of nerves which are shown and similarly 
labeled in the figures. 
Fig. 8 A graph showing the distribution of the posterior and middle palatine 
nerves and a par t  of the anterior palatine nerve to one half of the soft palate 
and the posterior part of the hard palate, made from the same slides which were 
used in making the graph shown as figure 7 .  The small cirrles indicate the ap- 
proximate locations of the taste-buds and the broken line the limits of the pala- 
tal glands. The arabic numerals indicate branches of the nerves which are shown 
under the mucosa of the palate in figures' 4 and 5 .  The broken transverse line 
marked 5 indicates the place of junction of the hard and the soft palate. For 
further explanation see the text. 
Each section is represented by a single step in the stairs. 
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On these nerves no encapsulated nerve endings were found. The 
nerves of the glands are not so well demonstrated. Bundles of 
fibers can be traced until they break up into smaller bundles or 
isolated fibers among the gland alveoli. The nerve supply of 
the taste-buds, with one exception, could be identified as coming 
from one or the other of the palatine nerves. 
In the series represented in the graph the posterior palatine 
nerve is represented by two relatively large nerve bundles. 
These emerge through separate canals in the bone. One of 
them is directed anteriorly and supplies a smallpart of the lateral 
side of the hard palate, the other passes posteriorly to supply a 
limited area of the hard palate and one entire half of the soft 
palate. The middle palatine nerve is distributed to the lateral 
part of the hard palate anterior and lateral to the place of emer- 
gence from its canal. Two bundles of the anterior palatine nerve 
are shown, one passing medially and the other posteriorly, to 
supply an area of the hard palate medial to.that supplied by the 
other nerves. .Practically the entire mass of the palatal glands 
and all but a few of the taste-buds are located. in the area sup- 
plied by the posterior palatine nerve. 
In the nerves connected with the sphenopalatine ganglion 
there are two varieties of fibers, those of large size from the 
maxillary nerve, and those of small size from the sphenopalatine 
ganglion. In the nasopalatine nerve and in the posterior inferior 
nasal branch of the anterior palatine the fine fibers are grouped 
and leave the nerves as separate branches. These branches enter 
glands and are assumed to contain glandular fibers although they 
are not stained within the glands and could not be followed to  
their final termination. 
In the posterior branch of the anterior palatine and in the 
middle and posterior palatine nerves the fine fibers are inter- 
mingled with those of larger size and terminate in company with 
the larger fibers. Except certain of the fine fibers which enter 
the walls of the blood-vessels the endings of the finer fibers could 
not be determined. In the area of the palate supplied by the 
posterior palatine nerve the fine fibers presumably supply the 
palatal glands, the muscle fibers in the walls of the blood-vessels, 
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and the taste-buds, if these structures receive their innervation 
from the facial nerve. From what has been said above, however, 
concerning the minute bundles of fine fibers from the sphenopala- 
tine ganglion to the posterior palatine nerve, it does not seem 
possible that they are numerically sufficient for the supply of all 
of these structures. The only other possible source for their 
nerve supply is from the sympathetic or the trigeminal nerve. 
The evidences from comparative anatomy do not materially 
assist in clearing up this problem. In petromyzonts, Johnston 
('08) found that the maxillary nerve supplied the roof of the 
mouth. The palate of bony fish (Herrick, '99, '00, '01) is sup- 
plied by the ramus palatinus VII. In the amphibians Coghill 
('01, '02) and Norris ('08; '13) describe anastomoses between the 
'ramus palatinus VII and branches from the fifth nerve, the re- 
sulting nerves being distributed to the roof of the mouth, the 
teeth and the nasal capsule. In  none of these forms is there a 
sphenopalatine ganglion present, although Johnston ('08) de- 
scribes ganglion cells in the roof of the mouth in cyclostomes, and 
Norris ('OS), in Amphiuma means, mentions ganglion cells a t  cer- 
tain points on the anastomoses between the ramus palatinus VII  
and ramus ophthalmicus profundus V. Norris, in Siren lacertina 
('13) also describes branches from the .ramus platinus VII to 
the vessels of the roof of the mouth. 
In this connection it is interesting to note that Herrick ('16, 
p. 243) says, "Unlike the visceral sensory system, however, its 
(referring to the gustatory apparatus) peripheral fibers have no 
connection with the sympathetic nervous system and the reac- 
tions may be vividly conscious." If this statement be literally 
true, then the taste-fibers of the palate must come from the 
trigeminal nerve. This is hardly probable, for Herrick ('01) has 
shown that in the siluroid fishes, where the taste-buds are very 
numerous, none of them are directly supplied by the trigeminal 
nerve. If this statement means that taste-fibers have no con- 
nection with .sympathetic ganglion cells, then it is possible for 
the taste-buds of the palate to be supplied by fibers from the 
facial nerve which pass through the sphenopalatine ganglion 
without interruption. 
108 D. A.  RHINEHART 
In conclusion i t  can be said that, in the mouse, the epithelium 
of the palate is supplied by fibers from the maxillary nerve, and 
that the muscle fibers in the walls of the blood-vessels are sup- 
plied by fibers from the sphenopalatine ganglion. It does not 
seem possible for the taste-buds and glands of the palate to  be 
supplied by fibers from the sphenopalatine ganglion. The evi- 
dences that they are supplied by the trigeminal nerve is equally 
inconclusive. In  the absence of other direct anatomical obser- 
vations on this problem in mammals it must, for the time being, 
remain an unsettled question. 
Until recently the nerve supply of the m. tensor veli palatini 
and the m. levator uvulae was believed to  come from the facial 
nerve. In  the mouse the branch from the mandibular nerve to  
the internal pterygoid muscle passes ventrally around the sta- 
pedial artery and, after supplying the internal pterygoid, sends 
one branch into the levator veli palatini and another which 
passes ventral t o  the otic ganglion and terminates in the tensor 
tympani muscle. The tensor veli palatini and the levator uvulae 
muscles are supplied by a branch from the accessory portion of 
the spinal accessory nerve which sends fibers into these muscles 
and terminates in the muscles of the pharnyx. 
2. N eruus stapedius 
The first branch of the facial nerve peripheral to the genicu-ate 
ganglion is the nervus stapedius which arises in the dorsal wall 
of the tympanic cavity. In the mouse this is undoubtedly a 
motor nerve. The fibers composing i t  come from the medial 
side of the facial stem (figs. 10, 11, and 12, N.Stap.) .  They 
unite into a small bundle at  the junction of the medial and dorsal 
borders of the facial nerve and pass into the stapedius muscle, 
to terminate after the manner of motor nerves elsewhere. There 
are no ganglion cells along its course, nor does it contain fine 
fibers. 
Weigner ('05), in the ground-squirrel (Ziesel), describes a 
ganglion a t  the place of origin of the nervus stapedius and states 
that it contains many fine fibers similar to those of the fiervus 
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intermedius. He also reports that cutting the facial nerve where 
it passes across the cochlea did not result in a degeneration of 
all of the iiervus stapedius although there is a degeneration of 
the entire facial nerve distal to the cut. He offers no explanation 
for this, other than the implied one that the nervus stapedius is 
composed mostly of fibers arising in the microscopic ganglion 
located at  its place of origin from the facial nerve. 
Fig. 9 Sagittal section through the nervus facialisat the lateral edge of the  
ganglion geniculi and medial t o  the genu externum showing the two bundles of 
fine fibers which pass from the ganglion peripherally in the nervus facialis. Same 
series as figures 1, 2, and 3. X 166. 
Fig. 10 Transverse section through the nervus facialis just posterior t o  the 
genu externum and through the origin of the nervus stapedius. The two bundles 
of fine fibers are shown along the lateral side of the nerve. 
225 p lateral t o  figure 3. 
X 166. 
Remembering that the mouse and the ground-squirrel both 
belong to the order rodentia, an order of mammals in which 
there is little variation in anatomical structure, I am unable to 
account for the differences in this nerve in the two animals. 
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5. Nervus chorda tympani 
The chorda tympani arises from the ventral side of the facial 
nerve along the posterior part of the upper wall of the tympanic 
cavity between the origin of the nervus stapedius and the anas- 
tomosis with the ramus auricularis vagi. It is formed by the 
more ventral and smaller of the two bundles of fine fibers which 
come from the interior of the geniculate ganglion and pass pe- 
ripherally as a part of the facial stem (figs. 9, 10, 11, 12, and 13, 
N.Ch.Ty.). It has been shown above that it contains fibers 
which are processes of cells in the geniculate ganglion and others 
which pass through the ganglion without interruption. 
In the mouse, soon after its origin, the chorda bends medially 
and anteriorly and passes through a fissure-like opening into the 
tympanic cavity. Here it extends anteriorly in a shallow groove 
along the upper part of the lateral wall, and then along a groove 
in a spicule of bone which projects into the cavity. At the apex 
of this spicule the nerve crosses a small gap to reach the medial 
surface of the head of the malleus, across which it passes lying 
ventral to the attachment of the tendon of the tensor tympani 
muscle. In the anterior part of the cavity it passes along the 
medial side of the anterior process of the malleus, accompanying 
that process into the fissure between the tympanic and periotic 
bones (petrotympanic fissure) through which it extends into the 
infratemporal fossa. In the infratemporal fossa the chorda tym- 
pani passes medially and ventrally posterior to the emerging 
mandibular nerve. After a course of varying extent it joins the 
posterior aspect of the lingual nerve. 
Just before joining the lingual there is usually an anastomosis 
with a bundle of fibers from another source. This is, in a ma- 
jority of my series, a small branch arising from the mandibular 
nerve. In one series a branch from the auriculoteinporal nerve 
joins it; in another a branch from the lingual joins it, the two 
then uniting with the lingual; in one series there is no anastomo- 
sis of any sort. All of the branches which anastornose with the 
chorda tympani are composed of fibers of larger size than those 
in the chorda. When followed centrally they become lost in 
the trunk of the mandibular nerve. 
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In none of the series is there a connection of any sort with the 
otic ganglion. 
Weigner (105) mentions an almost constant anastomosis be- 
tween the lingual and mandibular nerves in man, the chorda 
joining the lingual just distal to it. He also describes a com- 
munication from the great superficial petrosal nerve to the fibers 
in the facial which form the chorda, and states that there are 
many scattered ganglion cells along the chorda tympani both 
before and after its origin from the facial. In the mouse no such 
communication can be identified. With the exception of one 
series, in which there is a small ganglion at  its place of origin from 
the facial nerve, no ganglion cells are present, in the chorda. 
A .  T h e  nerve supply  of the tongue and the salivary glands. In 
one transverse series the nerves in the tongue were carefully fol- 
lowed. The results of this study will be briefly presented. 
The hypoglossal nerve is composed of fibers of uniform size re- 
sembling closely those in the motor portion of the facial nerve. 
Immediately after entering the tongue it divides into two branches 
which run anteriorly, one close to the septum and the other 
farther laterally. From these, small branches are given off in 
all directions, many of which were followed to their termination 
in motor nerve endings in the muscle fibers of the tongue. 
The glossopharyngeal nerve is composed of fibers of medium 
and small size resembling those of the lingual nerve. It enters 
the tongue between the hyoid bone and the thyroid cartilage 
and passes anteriorly for a short distance along the side of the 
base of the tongue. In this part of its course there is, in all my 
series, a ganglion almost as large as the otic and having the his- 
tological characteristics of a sympathetic ganglion. Just ante- 
rior to this ganglion the nene breaks up into five bundles which 
enter the tongue and spread out in a fan-shaped manner. 
The most medial of these passes medially and posteriorly and 
supplies the mucous membrane of the tongue as far as the larynx. 
The next passes medially and anteriorly and supplies the dorsum 
of the tongue in the region of the single circumvallate papilla. 
This branch sends a number of fibers into the base of the papilla, 
which, together with a similar contribution from the opposite 
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side, supply this structure. These fibers form a plexus exter- 
nal to the valley and within the core of the papilla. From these 
plexuses fibers supply the taste-buds and the epithelium of the 
papilla and the surrounding mucous membrane. In  two series 
a microscopic ganglion is present within the papilla. 
The most lateral of the five branches of the glossopharyngeal 
nerve extends anteriorly along the lateral side of the tongue and 
terminates in the foliate' papillae. The other two bundles are 
distributed to the tongue over an area extending as far forward 
as a line connecting the anterior limits of the foliate and cir- 
cumvallate papillae. 
The lingual nerve, because of the fibers in it from the facial 
nerve, was carefully studied. From one transverse series a 
graph of the course, branches, and distribution of this nerve 
within the tongue was made, and all the branches, as far as pos- 
sible, followed to  their termination. 
From its union with the chorda tympani the lingual nerve 
passes medially, ventrally, and anteriorly to reach the tongue. 
It lies between the internal and external pterygoid muscles, then 
between the internal pterygoid and the mandible, and finally 
between the mylohyoid and the side of the tongue. It curves 
around the ducts of the submaxillary and sublingual glands, turns 
anteriorly lateral to t'he genioglossus, and inclines dorsally into 
the substance of the tongue. 
A few branches are given off from the lingual nerve before it 
enters the tongue. At the ventral edge of the internal pterygoid 
and under the mylohyoid muscle a number of small branches are 
given off which pass posteriorly to the submaxillary and sublin- 
gual glands. At the ventral edge of the internal pterygoid a 
larger branch arises which passes medially to supply an area of 
the mucous membrane of the cheek opposite the folliate papil- 
lae. This branch sends fibers into the epithelium, into a mass of 
glands, and into a number of taste-buds (eight in the series 
studied). Along the side of the tongue, in relation to the gland 
ducts, one relatively large and a number of smaller branches are 
given off which pass forward in company with the ducts and 
supply the mucous membrane of the floor of the mouth andthe 
gum behind the lower incisor teeth. 
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In the tongue the lingual nerve passes forward midway be- 
tween its lateral edge and the median septum. Onebranchis 
given off immediately after the nerve enters the tongue. This 
passes dorsally and posteriorly to supply the area in front of 
that supplied by the glossopharyngeal nerve. The remaining 
branches arise irregularly and supply all of the tongue in front 
of this area. Some of the branches extend laterally, some to the 
ventral surface, but the larger and most numerous branches pass 
to the dorsal surface. In  the ventral part of the tongue a few 
small branc'hes join those of.the hypoglossal nerve, and a few 
others end in an undetermined manner among the muscle fibers. 
The majority of the branches, however, could be followed to  the 
mucous membrane. 
In the series studied the taste-buds are located in both walls 
of the valley around the circumvalllate papilla, in the foliate 
papillae, in a small area of the cheek opposite the foliate papillae, 
and irregularly scattered over the dorsal surface of the tongue 
in the area supplied by the lingual nerve. There are no scat- 
tered taste-buds in the area supplied by the glossopharyngeal 
nerve nor along the sides or the ventral surface of the tongue. 
In  the area supplied by the lingual nerve there are thirty-six 
taste-buds in onehalf of the tongue. These are widely separated 
posteriorly and become more numerous as the tip of the tongue 
is approached. Each of  them is placed near the surface of the 
epithelium on the top of a flat tunica propria papilla. 
One or two bundles of nerve fibers from the lingual nerve were 
followed into the bases of the papillae on which the taste-buds 
are located. In the papillae these fibers break up into a number 
of branches and form an intricate complex of very fine fibers. 
From these plexuses some fibers pass into the taste-buds. Other 
fibers pass into the surrounding mucous membrane, so that the 
taste-bud and a considerable area of the mucous membrane is 
supplied from the plexus in each papilla. 
The most striking feature of the nerves within the tongue is 
the large number of ganglia and ganglion cells along them. The 
majority of these cells are in clumps or microscopic ganglia along 
the nerve bundles. Along the glossopharyngeal nerve there are 
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six of these ganglia, along the lingual nerve they are far more 
numerous, being forty-one in number. Along the hypoglossal 
nerve there are scattered smaller ganglia and isolated cells. Fib- 
ers from the lingual, the glossopharyngeal and even the hypo- 
glossal nerve can be followed into these ganglia to  end in an unde- 
termined manner among the ganglion cells. 
A count of the cells in these ganglia along the lingual and hy- 
poglossal nerves was made. Only those in the ganglia in which 
there is a definite nucleolus were counted, so that the figures 
obtained are less rather than more than the actual number 
present. In  this one series, in one-half of the tongue, there were 
1079 cells, 957 along the lingual and 122 along the hypoglossal 
nerve. 
While the presence of ganglion cells in the tongue has long 
been known, I have failed to find a reference as to their number 
or their significance. They are usually dismissed with the state- 
ment that they are sympathetic cells. I am of the opinion that 
much will be added to the knowledge of the nerve supply of the 
tongue when the central connections, the endings of the fibers, 
and the functions of these ganglion cells have been worked out. 
In  this work nothing has been found other than in support of 
the generally accepted view of the nerve supply of the tongue. 
That the taste-buds are supplied by the chorda tympani has 
long been known. The course of the taste-fibers into the brain 
was, however, for a time, an unsettled question. From clinical 
cases evidences have been deduced in support of every possible 
pathway for these fibers into the brain stem. Many of these 
are included in the review of the literature in the articles by 
Cushing ('03), Weigner ('05), and Sheldon ('09). 
The carefully conducted experiments of Cushing ('03) have 
done much to prove that the taste-fibers enter the brain over 
the nervus intermedius. In the mouse the anatomical evidence 
supports this view. No connection, such as was found by Weig- 
ner ('05) between the chorda tympani and the great superficial 
petrosal nerve is present, and the entire absence in all my series 
of a communication from the facial nerve t o  the tympanic plexus 
excludes even the possibility that the taste-fibers reach the 
brain except through the nervus intermedius. 
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Cushing ('04) has presented very convincing clinical evider, ce 
that the chorda tympani supplies the tongue with certain forms 
of common sensation. After trigeminal neurectomy he found 
that sensations of pain and temperature and tactile sensations 
are absent in the area supplied by the lingual nerve. There re- 
mained, however, the ability of the patient to appreciate the 
presence, the general location, and the movement of a piece of 
cloth or a cotton swab across this area. 
The nerve supply of the submaxillary and sublingual glands in 
the mouse corresponds closely to that given by Langley ('90) and 
Huber ('01) for the dog and cat. In  the mouse the sublingual 
or the retrolingual gland is located lateral and ventral to the sub- 
maxillary and is pure mucous in type while the submaxillaryis 
pure serous. 
The nerves to these glands leave the lingual as a number of 
branches (five to eight) arising deep to the mylohyoid muscle 
apd rather widely separated. These nerves come into relation 
with the ducts and pass with them into the glands. Along these 
r erves there are several small ganglia. In  the series most care- 
fully studied there were five of these, two sending their fibers 
along the submaxillary duct, one along the sublicgual duct, while 
the other two send fibers along the ducts into both glands. 
Within the submaxillary gland there are two large ganglia and 
several smaller ones. The ganglion cells in these ganglia are so 
numerous that if each is supplied with a basket-work from the 
chorda tympani as described by Huber, each chorda fiber must 
divide and terminate in relation to several cells. A fiber divid- 
i g and ending in relation with two cells was seen by Huber. 
In the mouse the fibers from the sympathetic to  these glands 
are much more numerous than those from the chorda tympani. 
An estimate, based on the cross-section area of the nerves from 
tlr e two sources, shows the fibers from the sympathetic to be a t  
least ten times as numerous as those from the chorda. 
Most of the sympathetic fibers enter the glands alocg the ar- 
teries. One relatively large and cocstant bucdle, however, en- 
ters the dorsal border of the submaxillary glar,d anterior to the 
Lilus and joins one of the main subdivisiors of the duct. There 
116 D. A. RHINEHART 
are no ganglia on the sympathetic nerves into which fibers from 
the chorda could not be t,raced. 
4. Ramus  cutaneus facialis and the anastomosis with the ramus 
auricularis vagi 
A short distance distal to  the origin of the chorda tympani, 
at  the most posterior part of the bend of the facial nerve around 
the tympanic cavity, the ramus auricularis vagi anastomoses with 
the facial nerve and the remainder of the branches of the facial 
arise. These branches are the nervus auricularis posterior, the 
nerves to the posterior belly of the diagastric and stylohyoid 
muscles, and a branch which had a cutaneous distribution to 
the skin of the auricle. This nerve I have called the ramus 
cutaneus facialis. Because of the intimate relationship between 
the cutaneous branch of the facial and the auricular branch of 
the vagus, these nerves will be described together. 
The fibers which form the cutaneous branch of the facial 
nerve are those of small size from the geniculate ganglion which 
pass peripherally in the trunk of the facial nerve forming the 
more dorsal and larger of the two bundles of fine fibers described 
above (figs. 9 and 10, R.Cut.N.F.). The auricular branch of the 
vagus arises from the cells of the ganglion jugulare and passes 
anteriorly and laterally posterior to the tympanic cavity to reach 
the lateral side of the facial nerve. No communication to it 
from the glossopharyngeal nerve was seen. 
While the relations between the fibers from different sources 
are rather complicated a t  the anastomosis, it is possible, be- 
cause of the difference in the size of the fibers, to trace them from 
section to section. The motor fibers of the facial nerve are the 
largest, those from the geniculate ganglion the smallest, and those 
from the vagus intermediate in size. From one transverse series 
a model of this region was made. Outline drawings of this 
model are shown as figures 11 and 12. 
The auricular branch of the vagus crosses the lateral side of the 
facial nerve and breaks up into four sinall bundles (R.Aur.N.V.). 
The cutaneous fibers of the facial pass under the fibers from the 
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vagus to  leave the facial stem as a separate branch just distal to 
the anastomosis (fig. 11). Fibers from the bundle in the facial 
stem pass into the auricular branch of the vagus proximal to the 
anastomosis. At the anastomosis there is an interchange of 
fibers between the auricular branch of the vagus and the cutan- 
eous fibers in the facial stem. This interchange is shown in 
figure 13.. 
.io Sry t ~ y  
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Figs. I1 and 12 Outline drawings of a blotting-paper model of the nervus 
facialis showing its relation to  the ramus auricularis vagiand the branches arising 
above and behind the tympanic cavity. Figure 11 is a lateral and slightly pos- 
terior view of the model; figure 12 a medial and posterior view of it. X 33. 
After the cutaneous branch of the facial and the auricular 
branch of the vagus have separated from the facial stem, each 
nerve contains fibers from the other. Because the greater pro- 
portion of the fibers of one nerve come from the facial, it is con- 
sidered as a branch of that nerve, the other for the same reason 
being considered as a branch of the vagus. 
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Fig. 13 Outline drawings of every other section through the nervus facinlia 
in a horizontal series, beginning above nnd passing ventrally through the nnas- 
tomosis with the ramus auricularis vagi, to  ehow I hemixing of the cutaneous facial 
fibers with those from the vagus. The motor facial fibersnreunshaded, the fibers 
from the ganglion geniculi are black, and the vagus fiber cross-hitched. X 100. 
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In different series there are some differences in the arrange- 
ment of these nerves. In one series the ramus auricularis vagi 
is composed of a single large bundle, in another the ramus cu- 
taneus facialis is composed, after its origin, of two bundles, 
and there are apparently some differerces in the number of 
fibers which interchange. However, the essential arrangement 
is constant and as described above. 
Immediately after its origin the ramus cutaneus facialis passes 
from the medial to the lateral side of the posterior auricular 
nerve. From here it extends anteriorly and laterally above the 
exte&al auditory meatus until the point of the attachment of 
the cartilage of the auricle to the side of the cranium is reached. 
At this point it enters the auricle, extending upward and anteri- 
orly along the medial side of that part of the auricle which bounds 
the pouch-like concha laterally (figs. 14A and 14B). It gives 
off bracches in this region which supply the skin and hair follicles. 
Other branches pas$ lorsally beyor,d the concha and supply the 
skin of the posterior 
The ramus auricularis vagi sends a small brarch to supply a 
part of the external auditory meatus and the tympanic membrane, 
this branch containing a few fibers from the facial (fig. 13D). 
Otherwise the nerve supply of the tympanic membrane is the 
same as that given by Wilson ('07, ' l O - , l l ) .  After the origin 
of the branch to the tympanic membrane the auricular branch 
of the vagus passes along the cranial side of the concha. It 
supplies this area of skin and its terminal branches pass dorsally 
beyond the concha to supply the anterior two-thirds of the 
lateral surface of the auricle (fig. 14). 
These two nerves have been followed with great care from their 
origin to their place of ending. Each, in that part of its course 
where it is related to the auricular cartilage, passes between the 
cartilage and the skin, a location where there are no muscle 
fibers. Branches of each have been followed to their final end- 
ing and have been found to end in a plexiform manner immedi- 
ately under the epithelium or around the hair follicles. It is 
safe to conclude that they are both common sensoryin function 
for the supply of the skin and hair of the auricle. 
ird of the lateral surface of the auricle. 
120 D. A. RHINEHART 
The anatomical and clinical evidence for -the presence of gen- 
eral cutaneous fibers in the nervus facialis is meager in amount 
and inconclusive. In  petromyzonts, Johnston ('08) describes gen- 
eral cutaneous fibers arising from the geniculate ganglion and 
passing to the ventrolateral surface of the head below and behind 
Fig. 14 A A diagram of the connections and distribution of the nervus facialis 
of the albino mouse, based largely on a fiat reconstruction made by projection of 
sagittal sections on to a median plane. 
A diagram of a coronal section through the auricle to show the areas of 
skin simnlied hv the vagus, facial and cervical nervcs. 
14 B 
the orbit. In  bony fish, Herrick ('99, '00' '01) found a general 
cutaneous component in the facial nerve for the region of the 
operculum, the fibers, however, being derived from the Gasserian 
ganglion. In the amphibia, Nprris ('13) found a general cutane- 
ous component in Siren, and Herrick ('14) described fibers from 
the geniculate ganglion in Amblystoma larva which enter the 
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spinal V tract, this tract being considered as a tract whose 
nucleus is generally cutaneous in function. 
Van Gehuchten ('98) found that a few cells of the geniculate 
ganglion degenerate after cutting the facial nerve at  its exit from 
the facial canal. In an abstract of an article by DeGaetani ('06) 
sensory fibers in the ramus temporofacialis are mentioned. 
Weigner ('05) describes fibers of small caliber, presumably in- 
termedius fibers, in the facial nerve of man distal to the origin 
of the chorda tympani. 
The chief clinical evidence for the presence of such fibers in 
the facial nerve has been presented by Hunt ('15). By a method 
which he calls the herpetic method and which is based on the fact 
that herpetic vesicles on the skin are caused by pathological proc- 
esses involving the ganglion from $vhich the cutaneous fibers 
arise, he attributes the supply of certain parts of the auricle, 
including the concha, to  the facial nerve. One of the probable 
pathways to the skin for these fibers which he mentions is through 
the auricular branch of the vagus. In the different cases reported 
the areas showing the herpetic eruption vary to some extent. If 
homologous conditions are found in man to those here reported 
in the mouse this variation can probably be accounted for by the 
mixing of the vagus and facial fibers at the point of the anastomosis. 
In the mouse there is no evidence that either the inner or 
middle ear receive fibers from the facial nerve. A communicating 
branch from the facial nerve to the tympanic plexus is not 
present in any of my series. 
5. Nervus auricularis posterior and the nerves to thf stylohyoid and 
digastric muscles 
The posterior auricular nerve arises from the lateral side of 
the facial nerve just distal to the origin of the ramus cutaneus 
(figs. 11 and 12,R.Aur.P.) . It passes dorsally behind the auricle 
and is distributed to the muscles posterior to and along the 
cranial side of the auricle. It is composed of fibers from the 
motor part of the facial and is a purely motor nerve. A similar 
area of skin of the auricle is supplied by sensory fibers from the 
second and third cervical nerves. 
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From the most posterior part of the convexityof the facial 
nerve, and just distal to the anastomosis with the ramus auric- 
cularis vagi there arise from the motor part of the facial nerve 
two small motor nerves which are distributed to the posterior 
belly of the digastric and the stylohyoid muscles (figs. 11, 12, and 
13G, N .  to Dia., and N .  to Sty-hy.). 
SUMMARY AND CONCLUSIONS 
The facial nerve of the mouse corresponds very closely to that 
of other mammals and man, and more closely resembles the glosso- 
pharyngeal than any of the other cranial nerves. It consists of 
two parts: one part made up of those fibers which arise inthe 
motor nucleus and form the motor part of the nerve, the other 
part being formed by the'nervus intermedius and its peripheral 
continuation. 
The motor part of the facial nerve supplies the stapedius, the 
stylohyoid, the posterior belly of the digastric, the auricular 
muscles, and the superficial muscles of the face including those of 
the vibrissae (special visceral efferent component; Herrick, '16, p. 
146). 
The nervus intermedius is composed of afferent fibers having 
their cell bodies in the ganglion geniculi, and efferent fibers 
which have no connection with the cells of the ganglion. The 
ganglion itself is of the cerebrospinal type of ganglia and is 
composed of unipolar ganglion cells. 
The nervus intermedius has three branches, the great super- 
ficial petrosal nerve, the chorda tympani, and the ranius cutaneus 
facialis. The first two contain both afferent and efferent fibers 
the third is composed entirely of afferent fibers. The efferent 
fibers which enter the great superficial petrosal nerve form a 
separate efferent root of the nervus intermedius. 
The great superficial petrosal nerve enters the sphenopalatine 
ganglion. Sympathetic fibers from the superior cervical sympa- 
thetic ganglion reach the sphenopalatine ganglion by way of the 
deep petrosal nerve and the nerve of the pterygoid canal, and 
through the nervus abducens. Because the termination of these 
fibers in the sphenopalatine ganglion has not been determined, 
the function of each set, of fibers is uncertain. 
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Fibers from the sphenopalatine ganglion terminate in the 
gland of Stenson, in the medial part, at least, of the lacrimal 
gland, in the glands of the nasal septum, and along the blood- 
vessels of the nose and in the palate (general visceral efferent 
component). If fibers of the great superficial petrosal nerve 
supply the taste-buds of the palate, which, in the mouse is by no 
means certain, they probably pass through the sphenopalatine 
ganglion without connection with the ganglion cells. The nerve 
supply of the glands of the palate could not be determined. 
The afferent fibers in the chorda tympani carry taste impulses 
from the anterior part of the tongue (special visceral afferent 
component). The efferent fibers of the chorda tympani termi- 
nate in the ganglia in connection with the submaxillary and sub- 
lingual salivary' glands, each fiber ending in relation with more 
than one ganglion cell. There is alsb some clinical evidence that 
the chorda tympani contains afferent fibers which carry impulses 
of certain kinds of common sensation from the tongue. 
The afferent fibers of the ramus cutaneus facialis terminate in 
the skin of the external auditory meatus, in the skin of a part of 
the auricule and possible a part of the tympanic membrane (gen- 
eral somatic afferent component). , Fibers from the ramus auric- 
ularis vagi are distributed as a part of this nerve, and cutaneous 
fibers from the facial nerve are distributed through the ramus 
auricularis vagi. 
There are several unsolved problems in connection with the 
anatomy and function of the mammalian facial nerve which have 
been suggested by this work. Among these may be mentioned: 
1) The presence and the termination of cutaneous fibers in the 
facial nerve of larger mammals and man. 2) If such be found 
present, the central connections of the cutaneous fibers. 3) The 
termination of the afferent and efferent facial fibers and the 
sympathetic fibers of the nervus canalis pterygoidei in the 
sphenopalatine ganglion and the function of each set of fibers 
4) The nerves within the tongue, especially the termination of 
the fibers and the significance of the large numbers of ganglia 
and ganglion cells along the nerves. 
It is hoped that in the near future the time and 'the material 
will be available for the working out of some of these problems. 
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